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Abstract. The study aimed to estimate of variance components of racing ability traits and genetic trends 
in Thoroughbreds and standard-bred trotters in Hungary. For Thoroughbreds only flat races were considered. 
Data on placing at finish and money prizes from 1996-2004 comprised 30,807 runs for 1,890 horses competing 
in 3,316 races. 30,614 race results were used. The pedigree information covered at least 6 generations and the 
total number of animals in the pedigree was 14,257. During the examined years (1998-2006) 78,798 individual 
race records of 1610 standard-bred trotters in 7,135 races were considered. The 738 females, 884 males and 208 
geldings were trained by 92 trainers and driven by 770 drivers. 67,730 from the 78,798 runs were used during 
the analysis because the numerous disqualification). Heritability coefficients for earnings were 0.09 and 0.05 
(repeatability 0.03 and 0.03), heritability for placing at finish for Thoroughbreds were 0.05 (repeatability 0.01). 
Estimated heritability on the racing time was 0.01 (repeatability 0.00) for the standard-bred trotters. Genetic 
changes in the two populations were considered low. Estimated breeding values based on the log of earnings 
showed slow, but negative genetic trend in the Thoroughbred population. Estimated breeding values for 
standard-bred trotters based on the racing time showed a small genetic gain. In the future selection decisions 
should be based on the animals breeding values for the different traits and not on subjective information.  
 
 
INTRODUCTION 
 
Estimation of genetic parameters for handicap weight in the Hungarian Thoroughbred 
population has been reported by Hecker [9] and Bodó [3]. These estimates were based on the 
paternal half sib or offspring-dam regression. During the last three decades no genetic 
parameters were estimated. Bokor et al. [4] reported estimation for Thoroughbred’s racing 
performance in flat races, however genetic parameters for trotters has never been published in 
the country. Since the numerous imported broodmares and yearlings from West Europe 
breeders thought there is a high genetic gain in the population. To check this supposition 
authors were estimated genetic parameters and genetic trends in the Hungarian Thoroughbred 
and standard-bred trotter populations. 
Racing ability is the main selection criterion in Thoroughbreds. Breeding value 
estimation for racehorses also based on the racing ability in several countries [2, 22]. In 
Hungary the selection decisions based on pedigrees and sire statistics rather than on breeding 
values. Genetic-parameter estimates of the horse applying REML have described by Huizinga 
et al. [11]. Unfortunately there is no genetic parameter estimation carried out by the REML 
method in Hungary so far. Racing performance has also never been measured by the earning 
or ranking neither used the time as a criterion. 
The selection of Thoroughbreds is based on their racing performance usually on flat 
races. Most of the authors measure performances by earnings and ranks [10, 13, 14, 16, 18]. 
In most cases a mathematical transformation is needed [12]. Earning and mathematical 
transformations of earnings (log of earning per start, log of annual earnings) have been 
discussed in several studies [10, 13, 15]. Ranks also can be a measurement of performance 
[13, 16].  Sobczynska and Lukaszewicz [18] used square root of the finishing position for 
Arab horses in Poland. 
Standard-bred trotters were selected for the best racing time in Hungary since several 
decades, however horses take part races in different conditions (racecourse, soil, etc.) in this 
interval. In most countries racing performance of standard-bred trotters is measured by 
earning (log of earnings, earnings per start, annual earnings and lifetime earnings), ranks 
(square root of finishing position) and the best racing time the horse achieve during it’s carrier 
[1, 5, 14, 20]. For standard-bred trotters there is no race under saddle in Hungary. 
The aim of this study was to provide genetic parameters and breeding value predictions 
on all Thoroughbred horses that participate at the Hungarian racetracks in flat races and on all 
standard-bred trotters take part in trotting-races. This paper is the second of the series planned 
to be published and provides a detailed description of the data and of estimation of genetic 
parameters on racing performances measured by earnings and ranks for Thoroughbreds and 
ranks and the best racing time for standard-bred trotters. 
 
MATERIALS AND METHODS 
 
There are two types of horse racing in Hungary for Thoroughbreds. There are flat races 
(99%) and jumping races (0.6% hurdle and 0.4 % steeplechase races). Only flat races were 
considered in this study. Data on placing at finish and money prizes from 1996-2004 
comprised 30 807 runs for 1,890 horses competing in 3,316 races. 30,614 race results were 
used during the analysis and 193 of them were excluded because of a racing accident or 
disqualification. Horses were progeny of 311 sires and 512 dams, ages ranged from 2 to 12 
years, race distances were 900 to 3,200 meters. The pedigree information covered at least 6 
generations and the total number of animals in the pedigree was 14,257. 
Standard-bred trotters are driven from the sulky in Hungary. During the examined years 
(1998-2006) 78,798 individual race records of 1,610 horses in 7,135 races were considered. 
The 738 females, 884 males and 208 geldings were trained by 92 trainers and driven by 770 
(!) drivers. 67,730 from the 78,798 runs were used during the analysis because the numerous 
disqualification (galloping, using drugs). 
The earnings were log transformed to achieve normal distribution. Horses without 
earnings (from the sixth place) get the half of the earnings of the horse ranked one place 
higher followed the method, developed by Chico [6]. Transformation for ranks was necessary 
in order to use normalized measure of performance. In our case we used the square root of the 
ranks. 
Measuring racing performance for standard-bred trotters we used the best achieved 
racing time during the carrier. This was expressed by seconds per kilometre. 
SAS 9.1 [17] software was used for data preparation and analysis of variance. The 
variance components were estimated by the REML method using VCE 4.2.5 [7] software. 
The statistical classification for earnings and rankings accounted for fixed effects of age, sex 
(geldings were classified together with horses), year, race, trainer, weight carried, and class of 
the race and for random effect the jockey (rider) or driver. All of these factors had significant 
effect on the examined traits (P > 0.001).Genetic parameter estimation was performed mixed 
model equations, using repeatability animal models for the earning and ranking criteria and 
simple animal model for the best racing time. 
In matrix notation, the model was:  
y = Xb + Za + Rd + Wpe + e  
Where:  
y = vector of observations;  
b = vector of fixed effects;  
a = vector of random animal effects; 
d = vector of random  rider/driver effects; 
pe = vector of random permanent environmental effects and non-additive genetic effects;  
e = vector of random residual effects;  
X, Z and W are incidence matrices relating records to fixed animal and permanent 
environmental effects respectively.  
 
The mixed–model equations (MME) for the best linear unbiased estimator (BLUP) of 
estimable functions of b and for the best linear unbiased prediction (BLUP) of a and pe are: 
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Breeding values were estimated by PEST 3.1 [8] and genetic trends were calculated by 
the mean of the breeding values of the relevant birth year from 1970. Genetic trends were 
expresses in a linear scale where 0 was the animal with an average breeding value. 
 
 
RESULTS AND DISCUSSIONS 
 
Table 1 gives the number of races, the number of horses raced; race records per horse in 
flat races for Thoroughbred horses in Hungary. The number of races was decreased due the 
problems around the Hungarian racing systems during the last few years. It is also caused 
lower number of horses in these years. In the contrast of this the number of sires is increasing 
because of the numerous yearlings and sire imports. 
Table 1  
Races run, horse numbers, sire numbers, horses raced per sire, race records per horse, and records per races in 
flat races from 1996 to 2004 in Hungary 
 
Years 1996 1997 1998 1999 2000 2001 2002 2003 2004 1996-2004 
Races 415 438 443 399 360 324 316 305 316 3316 
Horses 437 449 455 479 487 416 414 428 391 1890 
Records/Horse 8.3 8.3 8.4 8.1 7.4 7.5 7.1 6.5 7.4 16.3 
Race records 3 609 3 714 3 825 3 876 3 605 3 102 2 944 2 779 2 902 30 807 
 
Standard-bred trotters run six times more then Thoroughbred horses. From 1998 the 
number of races was decreasing, but it was stopped in 2001 and it seems to be permanent 
since 2002. The numbers of races run by a horse also decreasing. The ratio of the valid runs 
also decreasing from 89% to 80% because the increasing number of drug usage (Table 2). 
 
Table 2 
Races run, horse numbers, race records, records per horse in trotting races from 1998 to 2006 in Hungary 
 
Years 1998 1999 2000 2001 2002 2003 2004 2005 2006 1998-2006 
Races 981 1012 727 665 701 750 782 749 768 7135 
Horses 551 562 518 501 514 542 597 615 617 1610 
Race records 10383 10253 7791 7364 8112 8284 8917 8934 8760 78798 
Valid records 9271 9072 6849 6417 7116 7266 7218 7426 7095 67730 
Records/Horse 18,8 18,2 15,0 14,7 15,8 15,3 14,9 14,5 14,2 48,9 
 
 
In table 3 ratios of variance components relative to phenotypic variance are presented 
for Thoroughbreds. These results match closely the heritability published by Chico [6], 
Sobczynska and Lukaszewicz [19], Svobodova et al. [21], Langlois [16]. In the case of 
square-root of placing at finish lower genetic parameters were estimated. The results are 
lower than those Sobczynska and Lukaszewicz reported in Poland [19]; however our results 
on log of earnings are match to their finding. 
 
Table 3 
Estimated genetic for flat races in Hungary (1996-2004) 
 
 Traits 
Genetic parameters Log of earning Rank 
Permanent environment 0.114±0.015 0.086±0.013 
Heritability 0.093±0.016 0.052±0.014 
Repeatability 0.207±0.031 0.138±0.027 
 
Estimated genetic parameters for standard-bred trotters were lower than for 
thoroughbreds but more comparable with bibliographical data. Langlois and Vrijenhoek [14] 
found a higher heritability (0.13) for earnings at the age of 6. Bugislaus et al. [5] also found 
low heritabilities for the log of earnings (0.09) but much higher for the racing time (0.23). 
 
Table 4  
Estimated genetic for trotting races in Hungary (1998-2006) 
 
 Traits 
Genetic parameters Log of earning Best racing time 
Permanent environment 0.447 ± 0.022 0.121 ± 0, 007 
Heritability 0.054 ± 0, 029 0.015 ± 0.006 
Repeatability 0.553 ± 0, 068 0.201 ± 0.018 
 
Genetics trends for the earning criteria calculated from regressions of breeding values in 
the year of the animal's birth and of mean breeding values in each year in the year of the 
horse's birth (Figure 1) were negative in the Thoroughbred population (R2 = 0,47). 
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Figure 1. Genetic trend for the log of earnings for the Thoroughbred horses in Hungary 
 
 
In the case of standard-bred trotters genetic trend was calculated for the best racing 
time. Our results was showed a 0,0005 seconds improvement per year, but with a low 
coefficient of determination (R2=0.02). 
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Figure 2. Genetic trend for best racing time for the standard-bred trotters in Hungary 
 
 
CONCLUSIONS 
 
The estimated heritability of the two criteria (earnings and ranks) for Thoroughbreds 
and the earning and best racing time for standard-bred horses can be considered low. The log 
of earnings seems so to be the better measurement of racing performance in both bred. 
Genetic change rate for earnings for Thoroughbred is little and negative in Hungary. We 
found a genetic gain in the estimated breeding values - based on the racing time - for 
standard-bred trotters in Hungary and could be accelerated if animal selection considered, 
effectively for the best racing time. Selection decisions should be based on the animals 
breeding values for the different traits and not on subjective syntheses of the available 
information.  
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